Abstract Purpose: To explore changes in the characteristics of water-in-oil-based high internal phase emulsion containing Moringa oleifera (Moringa
INTRODUCTION
High internal phase emulsions (HIPEs) are concentrated systems retaining a large volume of internal phase. Recently, both oil-in-water (O/W) and water-in-oil (W/O) systems with internal phase volume ratios of 99 have been investigated. They have a number of practical applications, some of which are gels and creams in cosmetic products, oil recovery from oil sands, petroleum gels as safety fuels and agricultural sprays with pesticidal properties. Understanding of the factors that govern the formation and stability of HIPEs is much undeveloped at present [1, 2] .
The stability of emulsions depends on their physicochemical characteristics, such as droplet size, rheological characteristics, conductibility; inter-lamellar and free water distribution, behavior under centrifugation and different temperatures, among others [3] .
Moringa oleifera (Moringaceae) is a pan-tropical species [4] . Bioactive compounds such as carotene, vitamins C, B and A, phenolics, carotenoids, etc, have been reported. Moringa oleifera leaves extract has antioxidant activity against hydroxyl, superoxide and peroxyl radicals' and thus, may play a role in the treatment of diseases involving free radicals and oxidative damage such as cancer and aging [5] . Incorporation of antioxidants and phenolic compounds topically has recently proved to be a promising strategy for protecting the skin against oxidative damage [6] , but to the best of our knowledge, there are no previous studies on HIPE formulations of Moringa leaf extract and their influence on formulation stability.
This study investigated the changes in the characterisitics of water-in-oil high internal phase emulsion containing Moringa leaves extract at different storage conditions and time intervals.
EXPERIMENTAL Plant identification
Air dried leaves of Moringa oleifera were gathered in July, 2010 from Dera Ghazi Khan, Pakistan. The leaves were identified by a taxonomist, Dr. Muhammad Arshad, at the Cholistan Institute of Desert Studies (CIDS), the Islamia University of Bahawalpur, Pakistan. The specimen (voucher no. MO-LE-09-10-31) was placed in the Herbarium of the Islamia University Bahawalpur.
Materials
Polysiloxane polyalkyl polyether copolymer (ABIL EM 90) was procured from Franken. Paraffin oil from Merck, Germany, Methanol and Phosphoric acid from BDH, England. Deionized water was obtained from the Pharmaceutical Labs of Department of Pharmacy, The Islamia University of Bahawalpur, Pakistan.
Preparation of the extract
The air-dried ground ( Mesh No. 80) plant material (40 g) was extracted with each of the solvent -aqueous methanol (methanol: water, 80:20 v/v, 1 L) -for 6 h at room temperature in a mechanical mixer (Euro-Star, IKA D 230, Germany). The extract was separated from the residue by filtering through Whatman no. 1 filter paper and further extracted twice with fresh solvent, and the extracts combined. The combined extracts were concentrated under reduced pressure at 45 °C, using a rotary evaporator (Eyela, Co. Ltd. Japan). The concentrated extract was stored in a refrigerator (-4 o C), until used for analyses.
Preparation of the Moringa HIPE
Moringa HIPE was prepared using paraffin oil (14 %), ABIL EM 90 (emulsifier) (2 %), the extract (3 %), phosphoric acid (0.2 %), fragrance (1 %) and (80.8 %) deionized water. Both the oily and aqueous phases were heated to 70 °C ± 5 and mixed using a homogenizer (Euro-Star, IKA D 230, Germany) followed by the addition of phosphoric acid, extract and fragrance. The speed of the homogenizer was kept at 5000 rpm for 15 min, 1000 rpm for 5 min and then at 500 rpm till it was cool.
Evaluation of free radical scavenging activity
The free radicals scavenging activity of The Hdonor ability was assessed using methanol solution of DPPH, a stable nitrogen-centered free radical. DPPH shows maximum absorbency at 517 nm, which decreases in the presence of Hdonor molecules. The DPPH stable free radical was used for the determination of free radical scavenging activity of test samples [7] . To 5 µl of test sample, was added DPPH to make the volume up to 100 µl in 96 well plates. The contents were mixed and incubated at 37 °C for 30 min and the optical density measured at 517 nm. Ascorbic acid was used as a reference/standard. Scavenging activity was determined as in Eq 1. The results were taken as mean ± standard error of mean (SEM, n = 3).
% DPPH scavenging activity = {(100 -(ODt/OD)} ….. (1)
Assessment of physical stability
Physical stability was assessed by keeping the four samples of emulsions various storage conditions ranging from 8 to 40 °C at 75 %RH (relative humidity) and over a period of up to 60 days. Physical characteristics of Moringa HIPE, viz, color, conductivity, liquefaction, centrifugation and pH were evaluated under these conditions. Electrical conductivity was determined using a conductivity meter (WTW COND-197i, Germany); centrifugation using Centrifuge Machine (Hettich EBA 20, Germany); and pH with a pH meter (WTW pH-197i, Germany). The centrifugal test was implemented at 25 0 C/5000 rpm for 10 min by placing a few grams of sample in a disposable stoppered centrifugal tube. Samples were gathered for the assessment of rheological performance and viscosity measurements at the initial time and after one and two months.
Viscosity and rheological behavior were determined using a rotational rheometer with a cone-plate configuration (Brookfield DV-III Ultra) with a CP41 spindle. A Brookfield software program, Rheocalc V2.6 was also used for this purpose. Approximately 0.2 g sample was exercised for the tests at 25 °C and the test repeated three times, at 10 diffrent shear rates. Following the determination of flow type, flow curves were fitted to mathematical models (power law and IPC paste). Increased shear stresses were applied on the samples, and shear rates and changes in viscosity observed.
Data analysis
Data were analyzed by using Brookfield Software Rheocalc, version 2.6. IPC Paste and Power Law (PL) math models provide a numerically and graphically analyze the behavior of data sets.
Power Law
The Power Law equation is as shown in Eq 2. 
RESULTS
The antioxidant activity of plant extract and freshly prepared Moringa HIPE was 91 and 85 %, respectively. The color of freshly prepared Moringa HIPE was half white and did not change after storage at temperature of up to 40 °C and 75 %RH for a period of up to 54 days. No significant changes in liquefaction, electrical conductivity and phase separation were observed under similar storage conditions.
The pH values of Moringa HIPE kept at various storage conditions and period are shown in Table  1 . Viscosities and rheological results are given in Tables 2 and 3 while rheograms of Moringa HIPEs are shown in Fig 1 -3 
DISCUSSION
DPPH assay is extensively used to determine free radical scavenging capacity. The antioxidant potential of the extract is correlated to flavonoids, tannins, proteins and reducing sugars [8] . The formulation components present in the reaction mixture resulted in the lowering of anti-oxidant activity of Moringa HIPE [9] .
There was no change in color in any sample of Moringa HIPE when kept at different storage conditions over the period of study. From the previous studies of Banso showed that phenolic contents may protect the formulation component the phases leading to decrease in viscosity which results in increased liquefaction [11] .
Conductivity is an assessment of extent presence of free ions [12] . No electrical conductivity was found in any sample Moringa HIPE throughout the study period. This is because the emulsion was of w/o type and oil being the continuous phase does not permit conduction of current. Centrifugation is one of amongst physicochemical factors at which stability of cream is dependent [13] . Moringa HIPEs samples were largely stable all through the study period. After manufacture of emulsions, temperature and time-dependent factors may result in phase separation [11] . Elevated temperature can cause change in viscosity thus leading to phase separation.
The pH of freshly prepared Moringa HIPEs showed gradual decrease over time. It was also observed from the study of Naveed et al that decrease in pH may be due to presence of metabolites or decomposition of some other ingredients, such as paraffin oil, at accelerated conditions [11] .
Rheological analyses are necessary to define and optimize stability and permit assessment of emulsions that undergo changes induced by aging, shear and temperature and stability [14] . Viscosity decreased in parallel with increase in shear stress.
The rheograms indicate non-Newtonian behavior, with flow index < 1, indicating pseudoplastic tendency. Power Law was found to fit to all the rheograms and the confidence of fit was in the range of 99.4 -99.9 %. IPC paste provides the data of confidence of fit of 99.5 -99.9 %. It has also been observed that emulsions show a marked non-Newtonian behavior [15] . The results were in agreement with those of Saravacos and Kostoropolous who reported that most fruit and vegetable fluids, and pastes and emulsions are pseudoplastic, where flow behavior index varies from 0 to 1 [16] . It has also been reported that formulations with a pseudoplastic flow cause the production of a coherent film covering the skin surface. This characteristic is beneficial and crucial for better phenolic anti-oxidant protection of the skin surface. The reason for pseudo plastic flow may be due to the progressive disintegration of the internal structure of the emulsions, under increasing shear, and its later reconstruction by means of Brownian movement [17] .
Although flow index was changed by stress, so also was the consistency index of Moringa HIPEs. Most researchers have reported that consistency index normally declines during storage due to product instability [18] , but in our work, consistency index increased for the emulsions. It is possible that this was due to the interaction of phenolic compounds and ingredients of the emulsion. This interaction has been demonstrated by Guaratini when the decomposition products were analyzed by mass spectrometry [19] .
Thus, emulsion system proposed in this study is acceptable and stable only if the product is to be used in a restricted period of time.
CONCLUSIONS
Rheological assessment is a valuable interactive and forecasting tool for determining product consistency and quality. Moringa HIPE had good consistency and rheological results. The rheograms of all formulations showed nonNewtonian behavior, which is a desired rheological property as it promotes pseudoplastic tendency. Due to the stability of Moringa HIPEs, the emulsion should be evaluated in vivo to ascertain its suitability and efficacy for the treatment of skin disorders.
